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Abstract
Previous research has found that the task relevance of a stimulus 
is an important factor in determining the amplitude of the P3Q0
component of the event »elated potential. This finding suggests 
that P300 amplitude can be used to measure the amount of 
information delivered by a stimulus. The reported study presented 
subjects with stimuli that differed in the amount of information 
conveyed in a display monitor’ j task. P300 amplitude and 
reaction time (RT) were measured to assess the u t i l i ty  of the 
information to the subjects. Eleven subjects were presented with 
sequences of two types of stimuli, informative or imperative, and 
a warning. The informative stimuli were up or down arrows 
presented in octagons arranged in a triangle. The spatial 
postion of the octagons indicated the re liabil ity  (50%, 70%, or 
90%) with which the informative cues predicted the state (up or 
down) of the imperative stimulus. The imperative stimuli were 
arrows presented in an octagon in the center of the triangle. 
Subjects responded to the direction of the imperative stimuli by 
pressing one of two buttons. Reaction time measures indicated 
that few of the subjects extracted the information delivered by 
the informative stimulus. The subjects that did appear to make 
use of the information had faster reaction times following the 
more reliable informative stimuli, yet these subjects did not
exhibit P3GQ$ whose amplitudes were related to the Informative 
value of the stimuli. This may be due to the lack of stability  
of the system that was monitored. Future research will attempt to 
build a less complex system, and i t  is hoped that the P300 and 
reaction time measures will reflect the informative value of the 
stimuli.
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Introduction
Operators of complex systems are faced with a vast and 
sometimes overwhelming amount of information that they must 
attend to and integrate in order to perform their jobs. These 
systems have become increasingly more automated, and the task of 
the human operator has shifted from manual control of the system 
to that of monitoring and supervisory control. The design of 
most complex systems, however, often makes this task more 
complicated and d iff icu lt,  a result which seems incongruent with 
the objectives of automation. One look at a control room 1n a 
nuclear power plant will substantiate this claim. The plant 
operator is confronted with a myriad of gauges, buttons and dials 
to monitor and adjust, sometimes needing to cross the room to get 
necessary information. An understanding of how the operator 
distributes his attention and processes the information contained 
in the many displays is essential to designing displays which 
will optimize human performance. This can only be done after 
ascertaining the operator's strengths and limitations. The 
present study investigates how people use information provided in 
a simulated real world task.
It is reasonable to assume that operators of a plant possess 
some sort of “mental model" of their surrounding environment.
This model would include the knowledge of the various elements of 
the system and the relationships that exist among these elements. 
Based on this information, the operator develops strategies which
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action and performing the necessary actions are not illuminated 
by a simple measure of the time between the occurence of a signal 
and the performance of the action* These are the processes that 
are hoped to be accessible through the event related brain 
potential,
The vent-related brain potential (ERP) is a measurement of 
a response to an event* This response consists of positive and 
negative fluctuations of electrical activity between one 
electrode placed on the scalp and another, neutral, electrode.
The development of signal-averaging techniques to remove random 
variation has contributed greatly to the increase of use of these 
data. The ERP is said to be a sequence of components, or 
regularly occurring characteristic fluctuations. These 
components have experimental and theoretical significance only if  
they can be measured and expressed in terms of their functional 
relationships with independent variables (Donchin and Israel, 
1980a).
The P300 component of the ERP is of greatest interest for 
the present study* It is so termed because it is a positive 
voltage potential which occurs sometime between 250 and 700 
milliseconds after the presentation of a stimulus. One of the 
main reasons behind the extensive investigation of the P300 and 
the assertion that it can index information processing is that 
the P300 is not an obligatory response to a stimulus event. For 
this reason, the P300 is called an endogenous component of the 
ERP, It can be recorded in the absence of external stimulation,
8and identical P m  *av*fom$ CM bt cited by to* f*ry
different stimu'i * (Oonchin, fritter flftCailym, lt78). This w®$ 
demonstrated by the use of the * oddba 11“ paradigm, Duncan-Johnson
and Donchin (197/) -presented subjects with a random sequence of 
1500 and 1000 H? tones through n**d phones. One of the tones was 
resented on 8CE of tne tr ia ls ,  the ether had a 201 probability 
of biMng preserf ted. Subjects were instructed to count 
occurrences of one of the two tones. The invest igators found that 
the rarer tone elicited a much larger bjoo than the 
frequently-presented tone, no matter which had been counted, A 
variation of this paradigm involves presenting one tone, and 
occasionally omitting the tone. Thus the tone is the frequent 
event, and the omission the rare event. Sutton, Tuetiog, Zubin 
and John (1967) found that the omitted stimulus ^veni elicited a 
large P300, These two studies demonstrate that the amplitude of 
the P300 is affected by the probabi l i ty of an event, and t nat 
this response is not simply a recording of a stimulus event, 
since the absence of a stimulus can evoke the same response.
The effect of probability was termed the “surprise” factor 
by Donchin (1981). Yet studies have shown that the critical 
variable is the subjective probability that the subject 
estimates, rather than the a priori probability (Donchin S 
Israel, 1980a). The expectancy a subject has for the next event 
differs from the a priori probability because of the limitations 
of human memory. Because working memory has a span of 
approximately five to nine items, only the last few stimulus
9events wi11 be used in determining the probability of a given 
event. This was verified by an experiment which sought to 
identify sequence effects on subjective probability {K.C.
Squires, Wickens, N.K. Squires, I  Oonchin, 1976). The 
investigators employed the oddball paradigm to account for 
variable responses to identical stimuli. Squires et. al found 
that a high tone that followed an increasingly longer string of 
low tones elicited a large P30O. It appears that the response to 
any given stimulus will depend on the sequence immediately 
preceding it.
A major assumption must be accepted m inferring cognitive 
processes from the electrical events. EKPs result from neural 
activity within the brain, and the potentials recorded are 
associated with "specific information processing suh-task[s]M 
(Donchin, 1981). This claim is substantiated by the finding that 
task relevance plays a role in determining the amplitude of the 
P300 (Donchin & Cohen, 196/; Squires, Donchin, Herniny &
McCarthy, 1977). Heffley, Wickens and Donchin ( 1978) found that 
subjects who were presented with two different types of stimuli 
but told to count the number of times only one of the stimuli 
flashed exhibited larger P300's to the flashes of the relevant 
stimuli than to flashes of the stimuli they were instructed to 
Ignore. This finding supports the view that the P3Q0 is an 
indicator of cognitive processing. In order for subjects 
determine whether a stimulus is relevant to the situation, they 
must attend to it and evaluate it ,  thereby engaging in
10
information processing (Donchin, Ritter & McCallum, 1973).
The latency of the P300 can also be used to index cognitive 
activity. Donchin, Kramer, and Wickens (1982, Note 2) assert 
that the latency of the P300, or the time it takes from 
stimulus presentation to the peak of the component, will vary 
according to the time it takes to evaluate a stimulus event and 
determine if it is relevant. Perceiving the difference between 
two tones on the basis of pitch is relatively easy when the 
pitches are markedly different from one another. When 
discrimination becomes more diff icu lt, latency increases as it 
takes more time to differentiate b^ween the more similar tones. 
The concepts of stimulus evaluation and task relevance are highly 
related. The process which assesses task relevance is stimulus 
evaluation. Therefore the amplitude and latency of the P30G can 
be used to index these information processing activities. These 
can be thought of as activities which are relegated by the 
internal model. Involved in the determination of task relvance is 
the comparison ut the stimulus event to an existing model of what 
is pertinent to the s i tuat ion,  it the information contained in a 
stimulus does not match the expected information, a large P300 
component with a relatively long latency is seen, i f  the 
information is consistent with tno model decisions regarding the 
course of action will be in accordance with the knowledge the 
model already contains (memory). If this information is 
inconsistent, another route must be taken. The new information 
must be evaluated and somehow incorporated into the internal
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model. This process has been called "context-updating" (Pribram 
& Me Guiness, 197b; Donchin et. a1, 1975). It is this process in 
which the P300, attention allocation, and the internal model can 
be integrated. We would like to assert that the "P300 reflects 
the activating mechanism which is engaged whenever [ i t  is]  
necessary to update our mental model of the environment"
(Donchin, 1981).
Karis, fabiani and Donchin (1983) assert the P300 is an 
index of processes which develop and continually revise this 
model or "schema" in accordance with the most pertinent and 
recently acquired information. Schema is used as a "large and 
complex map representing all the available data about the 
environment" (Donchin, 1981). The complex visual display can be 
thought of as an analog to the internal model, a well as to an 
actual physical system that it is supposed to represent. By 
studying how attention is distributed and information is 
processed from the various elements in the display, we may be 
able to draw conclusions about the internal model, and thereby 
build better visual displays--ones that maximize efficiency and 
minimize operator error. This is the overarching goal of the 
present study.
Subjects were presented with a complex visual display which 
they had to monitor and occasionally they were required to make a 
response. The stimuli in the display varied in the amount of 
information they contained, and subjects were aware of which cues 
were more reliable than others. We reasoned that the P300 might
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provide a measure of the amount of information a subject was 
extracting from a stimulus, and predicted that the stimuli which 
carried more information would e l ic i t  a larger P300 than those 
which contained less information. The speed of response to 
imperative stimuli was also expected to be faster following a 
stimulus with high information content than one that was less 
informative. In addition, we expected that an imperative 
stimulus that was consistent with the information presented by 
the last informative stimulus would evoke a P3Q0 with a smaller 
amplitude than i f  the imperative stimulus was inconsistent. The 
RT was predicted to be faster to imperative stimuli which were 
consistent than to those which were inconsistent--those which 
required updating the internal model of the system.
Method
^ e c t s .  Eleven university students(6 males and 5 females) 
served as paid volunteer subjects. All were right-handed and had 
normal or corrected-to-normal vision. Ages ranged fron 19 to 22 
years.
Task. Subjects viewed a cathode ray tube (CRT) screen on 
which four octagons were continually presented. The octagons 
were arranged in a triangle, with one at each vertex and one in 
the center. Arrows which pointed up or down were presented inside 
the octagons, shown in Figure 1. The three outer octagons served
13
Insert Figure 1 About Here
as the sources of information. The subjects were instructed to 
monitor the three gauges (the octagons) which indicated the water 
level in the cooling system of a nuclear power plant. For the 
detailed instructions to subjects, see Appendix A. Subjects were 
told that the gauges had different reliability rates and were 
shown which octagon had the most (.9), the least (.5) and an 
intermediate level (.7) of re liabil ity. The positions of each 
re liabil ity  gauge were counterbalanced across subjects.
Stimuli consisted of two types, informative and imperative. 
Informative stimuli were arrows presented in the peripheral 
octagons (the triangle vertices), and imperative stimuli were 
arrows which occurred in the center octagon. The direction of the 
arrows (up or down) indicated the water level in the hypothetical 
reactor,
A sequence of between three and seven informative stimuli 
were presented, followed by a flash of the perimeter of the inner 
octagon. This served as a warning stimulus. Immediately after 
the warning, an imperative stimulus occurred. Subjects responded 
with a button press which indicated the state of the system (high 
or low water). Response hands were counterbalanced across 
subjects.
The probability of the most reliable indicator correctly
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predicting the state of the imperative stimulus (up or down) was 
90 percent. The information value of the medium-reliable 
indicator was 70 percent, and the least reliable was correct only 
50 percent of the time. Each stimulus, either informative, 
imperative or warning, was presented for 100 msec. The 
inter-stimulus interval was 1900 msec. The blocks were 
approximately eight minutes long. Within euch block each 
information source was presented with equal frequency. The 
sequences of informational stimuli and imperative stimuli were 
generated by a transition probability table (Appendix B) which 
made, for instance, an up arrow in the 90 percent source more 
likely to be followed by an up arrow in the 70 percent source 
than a down arrow in the 90 percent source. This was done in 
order to achieve grater fidelity to real world systems, which 
usually change states gradually as opposed to oscillating from 
one extreme to another.
Procedure. The subjects were seated in an unshielded room 
70 cm in front of the CRT display screen, illustrated in Figure 
2. Recording and control apparatus was located in a nearby room.
Insert Figure 2 About Here
Each subject participated in two sessions on different days. 
The sessions consisted of eight blocks of 240 trials/block (trial  
= one stimulus, either informative or imperative). Each session 
lasted approximately 2 hours. After each block, the subjects were
15
informed of their accuracy rate and speed of response. Speed 
instructions were emphasized. They were also told that each 
sequence was independent of the previous one. After the third 
block on the f ir s t  day, subjects were told that they could 
receive a bonus of 50 cents per block i f  their reaction times 
followed the correct pattern and either decreased or remained the 
same as the previous block (See Figure 3). Subjects were free to 
request a break at any time, and i f  they had not excercised their 
option by the end of the fourth block the experimenter imposed a 
'‘mandatory" break in order to reduce fatigue.
Insert Figure 3 About Here
ERP Recording and Analysis. ERPs were recorded from Fz, Cz, 
Pz, C3 and C4 according to the International 10-20 system 
(Jasper, 1958) using Beckman Biopotential electrodes referenced 
to linked mastoids. Electrodes were also placed supra- and 
sub-orbitally to the right eye to record the electrooculogram 
(E06). ERPs and EOG were amplified by a Van Gogh model 50000 
amplifier (ERPs: time constant = 10 seconds upper half amplitude 
of 35 Hz, 3dh rolloff; EOG: time constant » 1 second, 15 Hz 
cutoff). Electrode impedances were kept below 10 Kohms. Both 
EOG and ERPs were digitized every 10 msec. The recording epoch 
was 1280 msec for the informative stimuli and 2560 msec for the 
imperative stimuli. Recording began 100 msec prior to the 
presentation of the informative stimuli, and 100 msec prior to
the occurrence of the warning for the imperative stimuli. A 
stimulus sequence is shown in Figure 4. Single tr ia ls  were
16
Insert Figure 4 About Here
adjusted off-line for significant E06 artifact by a 
regression-based correction procedure (Gratton, Coles A Donchin, 
1983). All aspects of experimental control and data collection 
were controlled by a PDF-11/44 computer system interfaced with an 
Iiniac graphics processor (Donchin and Heffley, 1975)# Average 
waveforms and the single trial records were monitored using a 
GT44 display. Digitized single trial data and RT speed and 
accuracy of response on each imperative trial were stored on 
digital magnetic tape for later analysis.
Results
Performance. The R1 of individual subjects was analyzed by
computing means for each information level (90%, 70%, 50%), for 
tr ia ls  where the imperative stimulus matched the preceding 
informative (no switch), and for tr ia ls  where the state of the 
imperative aid not match that of the informative stimulus 
(switch). It was expected that RT would decrease as a function of 
information level in the no switch condition and increase as a 
function of information level in the switch condition. That is,
17
we would expect subjects to respond faster on a no switch trial 
if they had just been presented with a 90% reliable indicator 
than if they had just seen a 70% reliable cue, because they would 
be expecting an imperative stimulus of the same state with more 
confidence, A graphic representation of these expected results 
was presented in Figure 3 above. Looking at Figure 5, however, 
shows that few of the subjects displayed this pattern of results.
A repeated-measures analysis of variance (ALICE statistical
Insert Figure 5 About Mere
package, Grubin, Bauer & Walker, 1976) was conducted on three 
dependent variables separately. The dependent variables analyzed 
were mean RT tor information level, median RT for information 
level and percent error rate for the same. This led to three 
four-way ANOVAs (11 subjects x 2 sessons x ? conditvoivs [switch 
vs, no switch] x 3 information levels). The medians were analysed 
in addition to the means because the RT distributions were 
skewed. Ihe significant F ratios are summarized in Table 1, and 
the means with which they are asscx lated are plotted in Figure 6.
Insert Table 1 About Here
Note that there is a main effect for switch vs. no switch for all 
three dependent variables. In addition, there was a main effect 
for session for both the means and medians, but not. the errors.
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There is no significant effect for information level. While the
Insert Figure 6 About Here
mean RTs are in the hypothesized direction for switch and no 
switch, that is, increasing as informative value of the stimulus 
inceases for switch, and decreasing as the informative value of 
the stimulus increased for no switch, there were no significant 
differences among the levels.
Event-Related Potentials, ERP data from each subject was 
averaged separately for informative and imperative stimuli. For 
the imperative stimuli, separate averages were computed for each 
electrode site (Fz, Cz, Pz, C3 and C4) for each information 
level. Sessions 1 and 2 were averaged separately. Because the 
P300 component of the ERP has been shown to be maximally positive 
at Pz, the waveforms at this site were reaveraged by the 
information value of the preceding informative stimulus and 
according to whether the imperative stimulus was switch or no 
switch. This is illustrated for one subject in Figure 7, The
Insert Figure 7 About Here
P300 from the no switch conditions are smaller than those 
elicited by the switch stimuli. These results are consistent with 
earlier findings that the amplitude of the P300 increases as 
subjective probability decreases (Duncan-Johnson and Donchin,
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1977* 1982). It is important to note that these ERP results 
confirm the predictions for the ERP data and are also consistent 
with the RT data for switch and no switch tr ia ls.
For the informative stimuli» separate averages were computed 
for each electrode site (Fz, Cz, Pz, C3 and C4) for the f irst  
four blocks of the session and for the second four blocks. The 
sessions were split in order to see if  practice affected ERPs. 
Each sequence of informative stimuli, warning and imperative 
stimulus could be up to 7 stimuli long. Since the imperative 
stimulus could occur after the third, fourth, f i fth, sixth or 
seventh informative stimulus. We reasoned that the subjects 
would realize that the imperative stimlus would never occur after 
the f irst  or second informative stimulus and always occur after 
the seventh informative stimulus. On tr ia ls  3, 4, 5 and 6 
subjects were more uncertain about whether an imperative stimulus 
would be presented. For this reason, sequences of 1, 2 and 7 
informative stimuli were < veraged sepa.ately from sequences of 3, 
4, 5, and 6. A plot of these averages is shown in Figure 8 for 
the same subject. There do not apppear to be important
Insert Figure 8 About Here
differences between sessions or between stimuli 1, 2, and 7 as 
opposed to 3, 4, 5, and 6. The plots of Pz averaged across 
information levels is presented in Figure 9. These results show 
that for this one subject, P300 amplitude does not seem to
20
increase systematically with the informative value of the 
stimulus. The trends seen in the data pn rted for this one
Insert Figure 9 About Here
subject were relatively consistent over all the subjects--that 
is. most subjects displayed a large amount of variability. This 
led us to analyze the ERP data on the basis of RT criteria.
Looking back at Figure 5* we see that while only two 
subjects exhibited the full pattern of expected RTs, some showed 
a partial pattern, with two of the three means in the predicted 
direction for each of the experimental conditions (switch and no 
switch). These subjects' ERP., were aggregated on the basis of 
the "correct" RT patterns to form a "selected" grand average. The 
average for the informative stimuli was computed for Pz across 
subjects, sessions, and blocks, and is shown in Figure 10. The
In$erf Figure 10 About Here
degree of overlap of the three information levels suggests that 
there was l i t t le  difference whether a 90%, 70%, or 50% reliable 
stimulus was presented. It appears that subjects are not 
differentially extracting the information available to them.
The same procedure was followed in computing a selected 
grand average for the imperative tr ia ls. The no switch condition 
has a high degree of overlap, but the switch condition shows a
21
separation between the 90% stimuli and the 70% stimuli. There is 
no visible separation between the 70% and the 50% conditions.
This is displayed in Figure 11*
Insert Figure 11 About Here
The next level of analysis focussed on single tr ia ls.  Here, 
the question was, for a given information level, did subjects pay 
more attention to stimuli that enabled them to respond more 
quickly? This question was assessed by dividing the RT 
distributions for each subje t, and for each information level, 
into three parts. The fastest third was labelled "fast" RT, the 
next third "medium" RT, and the last third "slow" RT. ERPs were 
aggregated on the basis of the portion of the RT distribution 
with which they were associated. The results from this procedure 
for one subject are given in Figure 12. No consistent patterns
Insert Figure 12 About Here
emerged. It was expected that the P300 from the fast part of the 
distributions would be larger than that from the medium speed, 
and the latter was expected to be larger than the P300 from the 
slowest RTs. Some of the subjects exhibited the predicted 
ordering for certain of the information levels, so the waveforms 
which were thought to be maximally distinguishable were plotted 
on one axis. In Figure 13 the average of the fast RTs from the
22
90% informative stimuli is shown with the average of the medium 
speed RTs from the 70% informative stimuli and the slowest RTs 
from the 50% informative stimuli. The expected amplitudes are not
Insert Figure 13 About Here
exhibited in this subject, and few subjects did show a larger 
P30Q for the fast 90% informative stimuli than the medium speed 
70% or slow 50%. A question arose as to the normality of the RT 
distributions, and therefore a cumulative frequency curve was 
plotted on normal probability paper. This curve for one subject 
is given in Figure 14. The distributions are positively skewed
Insert Figure 14 About Here
as suspected, but there is l i t t le  separation between the RTs from 
each information level.
Discussion
The data from this experiment do not conclusively answer the 
question of whether subjects extract information available to 
them differentially. The RT results indicate that some subjects 
are able to respond more quickly following a more informative 
cue. The analysis of variance on the means reveals significant
23
effects for session and for switch. Not surprisingly, subjects* 
mean RT decreases with practice. Thus there is evidence that 
subjects are learning the system. Furthermore, the switch tr ia ls  
are significantly longer than the no switch. Although the 
differences among information values are not significant, and the 
direction and the interaction between information value and 
switch condition is not significant, the di recti on of the switch 
and no switch means is consistent with the hypothesis. RT 
increases for switch tr ia ls  as the informative value of the 
stimulus increases, suggesting that subjects are less prepared 
for a switch after a high reliable cue than after a less reliable 
cue. Similarly, RT decreases as the informative value of the 
stimuli increases for the no switch trials. The question remains 
as to why the switch effect is significant while the interaction 
for switch condition and information value is not. Subjects seem 
to be extracting information, but not differentially.
The ANOVA on medians confirmed the analysis performed on the 
mean RTs, Medians were also significantly lower for the second 
session, indicating that performance was improving with practice. 
The median RTs for switch tr ia ls  were longer than those for no 
switch tr ia ls. As before, the differences among the information 
levels were not significant, but the direction of the difference 
between switch and no switch tr ia ls  indicates some use of the 
differing amounts of information contained in the stimuli.
The analysis of the error rates reveals that significantly 
more errors were made for the switch tr ia ls  than for no switch.
24
Interestingly, the difference between session 1 and session 2 is 
not significant. Since both the mean and median RT were lower 
during session 2, we might expect that, as performance improved 
with practice, fewer errors would be made.
The RT results partially replicate those from an earlier 
study by Mane, Wickens, Vanasse and Donchin (1982). Mane et al 
presented their subjects with a sequence of three stimuli, 
informative, warning, or imperative, as in the present study. 
Rather than have stimulus location indicate the re liab i l ity  of 
the information presented, they used a digit  (0, 4 or 8) which 
appeared inside either a circle or a square. The shape of the 
geometric figure corresponds to the direction of the arrows used 
in this experiment. The subjects' task was essentially the same: 
respond as quickly as possible to the imperative stimulus by 
pressing one of two buttons depending upon the state of the 
imperative. Half of Mane's subjects were able to respond more 
quickly to the more reliable cues. Tor these subjects, the P3GQ 
amplitude which followed the informative stimuli was proportional 
to the predictive value of the stimuli. Mane found a significant 
difference in P300 amplitude between the most reliable stimuli 
and the medium and least informative stimuli. There was no 
significant difference found between the amplitudes of the medium 
and least reliable cues.
Since there was no significant effect of information value 
on RT, i t  is not surprising that there is a lack of consistency 
in the P300 data in this study. In fact, the preliminary analysis
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of individual subject data revealed a great amount of 
variability. Very few of the subjects exhibited the expected 
amplitude differences. Furthermore, grand averages, even when 
computed for only those subjects whose reaction times suggested 
that they were using the information, did not show a difference 
in amplitude of the P30Q among the levels of information.
The single trial analysis of ERPs on the basis of RT 
distribution splits did not show that subjects exhibited a larger 
P300 when they responded more quickly. There were salient 
differences between this study and Mane's which may have obscured 
the ERP results. The most prominent of these is the display 
which was used. Mane's study presented subjects with one 
stimulus at a time. In the present study, the display was 
designed to achieve more fidelity and hence involved a continuous 
display which contained four static elements as well as a 
stimulus at any time. Given this display and the scenario that 
was constructed for the $ubjects--that they were nuclear power 
plant operators monitoring a subsystem of the total 
operation--the sequences of events may have seemed too 
unrealistic for the subjects to place a great degree of 
confidence in the stability of the system. If the subjects 
perceived the system as unstable, they may not have been able to 
build a tenable model of it.
Other factors may have affected the strength of the 
experimental manipulation. Studies reported by Duncan-Johnson and 
Donchin (1977, 1982) have shown that manipulating the prior
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probabilities of stimuli "affect the amplitude of the P300 only 
to the extent that they affect subject's perception of the 
probabilites of events." The authors make different predictions 
about subject's behavior according to the prtcise nature of the 
knowledge subjects have about the likelihood of events. In one 
condition, subjects were not given explicit statements about the 
probabilities of events. Duncan-Johnson and Donchin conclude that 
in this condition, subjects estimate the likelihood of future 
events based on the most recent stimuli presented. They observed 
that these estimates override the actual probabilites involved in 
generating the sequences of events from the subjects' viewpoints. 
In contrast, when subjects were given information on every trial 
about the likelihood of the forthcoming event, the most recent 
sequence seems to have l i t t le  effect on the subjects estimates of 
probability, as evidenced by their P300 amplitudes. The present 
study falls  somewhere between these two. Subjects are told that 
each octagon has a relative reliablity rate associated with it,  
but they are not given explicit information on each tr ia l.  It is 
difficult to assess what situation the subject believes they are 
m--and this seems to be a crucial factor. If the subject 
believes that they are monitoring a real world system, they may 
pay less attention to the stated reliablity rates of the 
indicators and rely more on the information that the sequences of 
informative stimuli convey, especially since the task of the 
operator in a real system is to extract trend information.
Future research will focus on building a more stable system
for subjects to monitor. It is hoped that such a system will be 
able to be modelled more accurately by the subjects, and will 
reduce the ambiguity and complexity of the system of the present 
study. Under these cond tions, the expected relationship between 
the P300, reaction time and information value may be obtained.
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Reference Notes
1. An investigation of the properties of the operator^ interna 1
model of complex dynamic systems. (1982, June). 
Unsolicited research proposal submitted to U.S. Army 
Research Institute for the Behavioral Sciences, 
Alexandria, Virginia, by the Cognitive Psychophysiology 
Laboratory, University of I l l ino is.
2. Donchin, E., Kramer, A,, & Wickens, C.D. (1982, October),
Probing the cognitive infrastructure with event-relajted 
potentials. Paper presented at the A1AA Workshop on 
Flight Testing to Identify Pilot Workload and Pilot 
Dynamics, Edwards Air Force Base, California.
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Table 1
Significant F-rat tos for ANOVAs
ANOVA Source
Means Session
Switch condition
Medians Session
Switch condition
Switch condition
df F p value
1,10 5.7027 0.0381
1,10 14.7953 0.0032
1,10 13.5681 0.0042
1,10 13.0067 0.0048
1,10 7.7607 0.0193% Error
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Figure Captions
Figure 1. Oi splay.
Figure 2. Subject at display.
Figure 3. Expected RT patterns for switch and no switch 
condi tions.
Figure 4. Stimulus sequence.
Figure 5. Obtained RT patterns from all subjects.
Figure 6 . Graph of mean RTs from ANOVA.
Figure 7. Imperative tria l average at Pz for switch and no 
switch, one subject.
Figure 8. Informative tria l averages for a ll electrodes for each 
information value, one subject.
Fjjure 9. Informative tria l averages at Pz for each information 
value.
Figure 10. HSe1ected“ grand average for informative stimuli at 
Pz for each information value.
Flgure 11. 'Selected” grand average for imperative stimuli at Pz 
for switch and no switch.
Figure 12. Single tria l distribution based on RT sp lits, one 
subject.
Figure 13. Single tria l distribution, RT speed by information 
value, one subject.
Figure 14. Cumulative frequency curve for RT distributions of 
each information value, one subject.
Appendix A
In this experiment you are to imagine that you are an 
operator in a nuclear power plant* Your job is to monitor 
the water level in the cooling system of the plant. This is 
done by watching the three indicators on the screen--the 
three outer octagons* Each has a different probability of 
being accurate becasue they are located at different 
distances from the cooling system* The upper octagon is the 
(most, least* medium) reliable, the lower le ft octagon is
(most, least, medium) reliable, and the lower right is  (most, 
least, medium) reliable. It is your task to watch the 
informative signals, which are either up arrows, indicating 
high water conditions, or down arrows, which indicate low 
water conditions. They w ill occur in a sequence, and you 
should pay attention to each one, because occasionally the 
center octagon will flash. This is a warning that a critica l 
condition exists, and that you will soon be required to make 
a corrective response. Immediately after the flash, an arrow 
will be presented in the center octagon. I f  it is  an up 
arrow, p^ess the (right, le ft) button in order to lower the 
water level; i f  it is a down arrow, press the (right, le ft)  
button to raise the water leve l. The urgency of the 
situation is obvious--too much woter could cause the pipe to 
burst and release the contaminated water, and too l i t t le  
water could result in meltdown. Therefore you must respond 
as quickly as you can while trying to be accurate.
Appendix B
Transition Probabijity Table
2 3 4 5 6
i . 166 .167 .167 .166 .167
2 .167 .166 .167 .166 .167
3 ,233 .100 . ?33 .233 .101
4 .100 .233 .101 .100 .233
5 .300 .034 .300 .300 .033
6 ,033 .300 .033 .033 .301
States:
1 = 60% down arrow
2 = 50% up arrow
3  ^ 70% down arrow
4 - 70% up arrow
5 = 90% down arrow
6 - 90% up arrow
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